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1.0 Introduction

This Closure Report provides documentation for closure of the Rulison Site surface and

summarizes the data from groundwater monitoring conducted quarterly in 1996 and 1997.  The

quarterly groundwater monitoring was conducted to demonstrate that no contaminants are

migrating from the pond after completion of the pond remediation activities.

The Rulison Site is located in the North ½ of the Southwest ¼ of Section 25, Township 7 South,

Range 95 West of the 6  Principal Meridian, Garfield County, Colorado, approximatelyth

19 kilometers (km) (12 miles [mi]) southwest of Rifle, Colorado, and approximately 65 km

(40 mi) northeast of Grand Junction, Colorado (Figure 1-1).  The site is situated on the north

slope of Battlement Mesa on the upper reaches of Battlement Creek at an elevation of

approximately 2,500 meters (m) (8,200 feet [ft]).  The valley is open to the north-northwest and is

bounded on the other three sides by steep mountain slopes that rise to elevations above 2,927 m

(9,600 ft).

Project Rulison was a joint U.S. Atomic Energy Commission (AEC) and Austral Oil Company

(Austral) experiment.  It was conducted under the AEC’s Plowshare Program to evaluate the

feasibility of using a nuclear device to stimulate natural gas production in low-permeability,

gas-producing geologic formations.  The experiment consisted of detonating a 40-kiloton nuclear

device at a depth of 2,568 m (8,426 ft) below ground surface on September 10, 1969, followed by

natural gas production testing in 1970 and 1971 (AEC, 1973).

The site was deactivated by the AEC and Austral in 1972.  Cleanup associated with site

deactivation consisted of removing all equipment and materials not needed for potential future gas

production activities, and characterizing the site’s radiological condition through extensive surface

soil sampling.  In 1977, the site was abandoned.  Neither the U.S. Energy Research and

Development Administration (ERDA), the successor agency to the AEC and predecessor to the

U.S. Department of Energy (DOE), nor Austral planned on commercially producing gas from the

site.  Cleanup associated with site abandonment consisted of removing all remaining equipment

and materials, plugging the emplacement (R-E) and reentry (R-EX) wells, backfilling the mud pits

adjacent to the R-EX well, removing tritium-contaminated soils, and further characterizing the

radiological condition of the surface soil.  A summary of site activities is presented in Table 1-1. 

Detailed descriptions of the site deactivation and abandonment activities, and 
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Table 1-1
Summary of Activities at Project Rulison Site

Sept. 10, 1969 Detonated Project Rulison device.

Oct. 1970 - April 1971 Conducted natural gas production testing.

July 10 - 25, 1972 Site deactivated.  Initial cleanup.  Removed extraneous materials not
required for gas production.  Conducted extensive surface soil
sampling to characterize the radiological condition of the site.

1972 - Present Annual Long-Term Hydrologic Monitoring Program (LTHMP)
conducted by the U.S. Environmental Protection Agency (EPA).

Sept. 1 - Oct. 12, 1976 Site decommissioned and abandoned.  Final cleanup.  Removed all
remaining equipment and material.  Emplacement Well R-E and re-
entry Well R-EX plugged and abandoned.  Mud pits adjacent to R-EX
backfilled, tritium-contaminated soils removed, and surface soil
sampling conducted to characterize radiological condition of the site.

June and July 1993 Conducted Sensitive Species Survey;
Wetland, Vegetation, and Floodplain Study;
Class II Cultural Resources Field Survey; and
an Aerial Radiological Survey.

Sept. and Oct. 1994 Sampled pond sediment, soil, surface water, and fish.

April 1995 Sampled pond sediment, soil, and surface water.

Aug. - Nov. 1995 Remediated Rulison drilling effluent pond.  Installed 7 groundwater
monitoring wells, sampled surface soil and stream near ground zero
area.  Aquifer tests on RU-03 and RU-06A.

1996 Conducted four quarterly groundwater sampling events from the
groundwater monitoring wells.

September 1996 Evaluated Rulison pond ecology.

1997 Conducted four quarterly groundwater sampling events from the
groundwater monitoring wells.
Sampled 5 natural gas wells in the vicinity of surface ground zero
(SGZ).

Sources:  DOE/NV 1996a, DOE/NV 1996e, IT 1996, and IT 1997.

radiological characterizations are presented in Rulison Site Cleanup Report (AEC, 1973), Project

Rulison Well Plugging and Site Abandonment Final Report (ERDA, 1977), Rulison Radiation

Contamination Clearance Report (Eberline, 1977), and the Preliminary Site Characterization

Report, Rulison Site, Colorado (IT, 1996).

The drilling effluent pond is an engineered structure located approximately 400 m (1,312 ft)

north-northwest of SGZ (Figure 1-2).  The drilling effluent pond was used to store
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nonradioactive drilling fluids generated during drilling of Well R-E, the device emplacement hole. 

The drilling fluids consisted of bentonite drilling mud that may have contained various additives,

such as diesel fuel and chrome lignosulfonate, used to improve drilling characteristics.  Most of

the drilling wastes were removed from the pond when the site was cleaned up and

decommissioned in 1972; however, some drilling fluids were left in the pond.  Following

completion of site decommissioning, the pond structure was left in place at the request of the

property owner.  Subsequently, it was used as a freshwater holding pond by the property owner

who stocked it with rainbow trout.

In 1994 and 1995, sampling events were conducted to evaluate the extent of residual

contamination from the drilling fluids left in the pond.  Samples were collected from the pond

sediment and soil, from surface water from the pond and the nearby stream and spring, and from

Rulison pond fish.  Analytical results from these sampling events are presented in tables in

Corrective Action Plan, Rulison Drilling Effluent Pond (DOE/NV, 1996a). 

There are no regulations for soil parameters for RCRA metals specified in the Colorado

Department of Health “Storage Tank Facility Owner/Operator Guidance Document.”  The

following regulatory limits are based on 20x the RCRA “Maximum Concentration of

Contaminants for the Toxicity Characteristic.”  The regulatory limit for nonspecific total

petroleum hydrocarbon (TPH) is based on regulations specified in the Colorado Department of

Public Health and Environment (CDPHE), “Storage Tank Facility Owner/Operator Guidance

Document.”  Chromium was found above the regulatory limit of 100 milligrams per kilogram

(mg/kg), in 11 of the 18 sediment samples, and in all five soil samples.  The highest level of

chromium detected was in a sediment sample at 2,170 mg/kg.  Barium was found above the

regulatory limit of 2,000 mg/kg, in four soil samples.  The highest level of barium was in a soil

sample at 6,870 mg/kg.  Lead was found above the regulatory limit of 100 mg/kg, in one sediment

sample at 427 mg/kg.  Nonspecific TPH was found above the regulatory limit of 250 mg/kg, in

eight sediment samples and two soil samples.  The highest level of nonspecific TPH detected was

72,6000 mg/kg in a sediment sample.  Benzene, toleume, ethylbenzene, xylenes (BTEX)

compounds were not found above the regulatory limit for total BTEX of 50 mg/kg, in either

sediment or soil samples.  None of the analytic concentrations were above the regulatory limit in

the pond, stream, or spring water samples; however, trace concentrations of nonspecific TPH

were found in the fish samples.  The highest nonspecific TPH level detected in a fish sample was

31.5 mg/kg.  The Toxicity Characteristic Leaching Procedure (TCLP) was performed on seven

sediment samples and three soil samples.  The results of these analyses indicated that the metals in

the sediment are unlikely to migrate (DOE/NV, 1996a). 



1-6

Based on the results of the sampling events, the DOE decided to conduct a voluntary cleanup

action at the pond to reduce the levels of TPH and chromium in pond sediments and soils in and

adjacent to the pond.  The pond cleanup and a SGZ investigation were completed in

November 1995. 

1.1 Purpose
The purpose of this Closure Report is to:

C Present the results of the eight quarterly groundwater sampling events.

C Use the quarterly sampling results to demonstrate that no contaminants are migrating from
the pond.

C Summarize the risk to human health and the environment from the remaining mud pits
adjacent to the R-EX well.

C Obtain a Notice of Completion from the CDPHE for the Rulison Site surface.

1.2 Scope
There were two areas of concern addressed during the remedial activities and summarized in the

Rulison Corrective Action Report (DOE/NV, 1996e); the drilling effluent pond and the SGZ area. 

The scope of work implemented for closure of the drilling effluent pond consisted of removing

fish, draining the pond, removing contaminated bentonite sediment from the pond, stabilizing the

sediment, disposing of the stabilized sediment, installing groundwater monitoring wells, and

reconstructing and restoring the pond.

The scope of work for the SGZ area investigation was to provide sufficient information to close

the mud pits adjacent to Well R-EX in-place with no further action, confirm the findings of the

radiological survey conducted during site deactivation and abandonment, and install two

groundwater monitoring wells in the alluvial aquifer, downgradient from the emplacement well.

The SGZ investigation consisted of drilling and sampling soil borings at the location of mudpits in

the vicinity of the R-EX well.  Samples were also collected from the stream sediment, stream bank

soil, and stream water adjacent to and downgradient of the R-EX well to determine if any

contaminants present in the mud pits were migrating to the stream.  Shallow soil samples were

also collected from the gas flare and the R-EX well areas to confirm the findings of earlier

radiological surveys. 
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2.0 Closure Activities

2.1 Description of Corrective Action Activities
This section of the Closure Report discusses the activities involved in the closure of the Rulison

Site surface.  Information about the remediation of the Rulison Drilling Effluent Pond, and

investigation of the SGZ area will be summarized, since more detailed information is available in

the Rulison Site Corrective Action Report (DOE, 1996e).  This Surface Closure Report will cover

in more detail, the results of the two-year, groundwater monitoring program initiated to assess

whether contaminants are migrating from the drilling effluent pond.

2.1.1 Rulison Drilling Effluent Pond
Approximately 14,025,000 liters (3,705,000 gallons) of water were pumped from the pond prior

to and during the sediment stabilization and removal operation.  Pond water and construction

dewatering was discharged to the adjacent stream under Colorado Wastewater Discharge Permit

Number COG-310084 (Appendix A) as issued by the CDPHE under the Colorado Water Quality

Control Act (DOE/NV, 1996e).

Approximately 18,656 cubic meters (m ) (24,400 cubic yards [yd ]) of stabilized sediment was3 3

hauled to the South Canyon Landfill for disposal.  The original TPH cleanup criterion of

250 mg/kg in soil was increased to 1,000 mg/kg after a series of negotiations between DOE and

the CDPHE representative.  A copy of this letter is included in Appendix B.  This reduced the

amount of sediment and native soil that required stabilization and removal, and reduced the cost

of the cleanup action (DOE/NV, 1996a).  Verification samples were collected from the floor of

the Rulison pond to confirm that the TPH concentration was below the 1,000 mg/kg cleanup

criterion.  Closure verification results are discussed further in Section 3.0 of this report.

Following verification sampling, a Bentomat® geosynthetic clay liner was installed in the pond

and covered with Kentucky bluegrass sod to protect it from ultraviolet exposure and erosion

(DOE/NV, 1996e).

The pond currently covers approximately 0.5 hectare (1.2 acres) as measured at the top of the

berm; it is triangular in shape and is approximately 6 m (20 ft) deep from the top of the berm to

the pond bottom (DOE/NV, 1996e).  The pond currently contains water and has been recolonized

by a number of aquatic plants and animals.  However, at the time of the September 1996
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investigation, the pond was not suitable for trout habitation due to a lack of dissolved oxygen (IT,

1997).

2.1.2 Surface Ground Zero Investigation 
The SGZ investigation consisted of soil, stream sediment, surface water, and groundwater

sampling, and the collection of radiological confirmation samples.  Sampling is detailed in the

Rulison Site Corrective Action Report (DOE/NV, 1996e).  A total of eight soil borings were

drilled in the Well R-EX mud pit area (Figure 2-1).  The soil boring samples were analyzed for

BTEX, TPH, Resource Conservation and Recovery Act (RCRA) metals (both total and TCLP-

extractable), gross alpha/gross beta, and tritium.  Analytical results from the SGZ investigation

are included in Appendix C.

Total petroleum hydrocarbon was detected in the shallow samples from all eight soil borings,

ranging from 66 mg/kg in sample SB03-05/10/15, to 4,700 mg/kg in SB07-18/22-01.  Total

petroleum hydrocarbon was detected in deep samples from four of the eight borings ranging from

66 mg/kg in SB01-15 to 150 mg/kg in SB02-20 (DOE/NV, 1996e).

Benzene, toluene, ethylbenzene, and total xylenes compounds were detected in shallow samples

from four of the eight soil borings.  With the exception of ethylbenzene and xylene concentrations

in sample SB08-05, all detected concentrations for BTEX were below 1,000 micrograms per

kilogram (µg/kg).  Although ethylbenzene and/or xylenes were also detected in deep samples

from three of the eight soil borings, all detected concentrations were below 1,000 mg/kg

(DOE/NV, 1996e).

Three of the eight shallow soil samples collected from the mud pits adjacent to Well R-EX

contained elevated levels of barium, chromium, and lead.  The maximum detected concentrations

for total RCRA metals analysis were 3,990 mg/kg of barium in SB05-02, 112 mg/kg of chromium

in SB06-21/13, and 119 mg/kg of lead in SB07-18/22-01 (DOE/NV, 1996e).  However, the

results of the TCLP analysis showed that no RCRA metals concentrations were above the

maximum concentration of contaminants. 

No nuclear test-derived man-made radionuclides were detected, and no unusual radiological

measurements were detected (DOE/NV, 1996e).
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Analytical data from the mud pit soils was used to develop a human health risk assessment for the

SGZ area soils.  The risk assessment was included in the Rulison Site Corrective Action Report

(DOE/NV, 1996e).  Because the subsurface contamination found in the R-EX mud pit subsurface

soils would not pose an undue risk to human health, and because there is no evidence that

contaminants have migrated from the soils to the groundwater of the adjacent stream, no further

action is proposed for the SGZ area soils.

Total petroleum hydrocarbon was not detected in any of the stream samples, and metals

concentrations do not appear to be elevated.  This suggests that contamination has not migrated

via saturated and unsaturated transport to the stream from the R-EX mud pits.

Nine locations were sampled for the radiological investigation.  One was in the vicinity of Well R-

EX and eight were located in the gas flare area downwind of the flare stack (Figure 2-2).  The

radiological investigation soil samples were analyzed for gross alpha, gross beta, tritium, 

carbon-14, and gamma spectroscopy.  Gross alpha ranged from 6.40 picocuries per gram (pCi/g)

to 17.2 pCi/g.  Gross beta ranged from 24.8 pCi/g to 43.4 pCi/g.  Tritium values ranged from

-0.020 pCi/g to 0.0007 pCi/g.  Carbon-14 values ranged from -0.0186 pCi/g to 0.0749 pCi/g.  All

radionuclides detected through gamma spectroscopy were naturally occurring isotopes, and no

unusual elevations were detected (DOE/NV, 1996e).

2.2 Variances from Approved Work Plans
Deviations from the Rulison Drilling Effluent Pond Corrective Action Plan (CAP)

(DOE/NV, 1996a), Verification Sampling and Analysis Plan for Sediment and Water Sampling,

Rulison Drilling Effluent Pond (VSAP) (DOE/NV, 1996d), and Rulison Drilling Effluent Pond

Site Long-Term Groundwater Monitoring Plan (DOE/NV, 1996b) were originally included in the

Rulison Site Corrective Action Report (DOE/NV, 1996e) and are included in this report in

Appendix D.

Variances from the Long-Term Groundwater Monitoring Plan (DOE/NV, 1996b) that occurred

during the eight quarterly groundwater sampling events are as follows.  During the first and

second quarter 1996  sampling events, the parameter of total suspended solids and total dissolved

solids were inadvertently excluded.  Also, during the first two quarters the samples were analyzed

for dissolved RCRA metals rather than the specified total RCRA metals.

The result of not having total suspended solids (TSS) and total dissolved solids (TDS) data during

the first and second quarter 1996, resulted in no significant impact to the project.  
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Analyzing for dissolved RCRA metals rather than the specified total RCRA metals may have

resulted in having a lower value for metals than may have actually been present.  Subsequent

sampling events showed no significant increase in metals concentrations, and this posed no

significant impact to the project. 

2.3 Corrective Action Schedule as Completed
Figure 2-3 shows the schedule of activities conducted in order to complete closure of the Rulison

Site Surface.
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3.0 Closure Verification Results

This section details the results from sampling the soil from the bottom of the Rulison Drilling

Effluent Pond, the results of sampling water from Wells RU-01 and RU-02, and the results of the

two-year quarterly groundwater sampling effort.

3.1 Drilling Effluent Pond
Verification samples were collected from the floor of the Rulison drilling effluent pond to confirm

that the TPH concentrations were below the 1,000 mg/kg cleanup criterion.  It is estimated that

approximately 520 m  (620 yd ) of sediment with TPH concentrations greater than 250 mg/kg,3 3

but less than or equal to 1,000 mg/kg, remain in the soil under the pond.  These verification

results are included in Appendix E.  This volume is not continuous, but is spread across ten

separate areas in the pond bottom.  See Figure 3-1 for areas of sediment with TPH concentrations

between 250 mg/kg and 1,000 mg/kg (DOE/NV, 1996e).

3.2 Groundwater Monitoring
Seven groundwater monitoring wells were installed at the site as part of the pond cleanup

operation and SGZ area investigation.  The monitoring well locations are shown on Figure 1-2.

Wells RU-01 and RU-02 were installed hydraulically downgradient of Well R-E to monitor for

potential contaminant migration from the SGZ area.  Monitoring Well RU-03 was installed

upgradient from the drilling effluent pond to obtain upgradient water quality information. 

Monitoring wells RU-05, RU-06A, RU-07, and RU-08 were installed downgradient from the

pond to monitor for potential contaminant migration from the pond (DOE/NV, 1996a).

3.2.1 Wells RU-01 and RU-02
During the pond cleanup operation and SGZ area investigation one round of groundwater samples

was collected from the newly installed wells.  The TPH and BTEX compounds were not detected

in RU-01 or RU-02, with the exception of 1.5 micrograms per liter (µg/L) of total xylenes in RU-

02.  In addition, with the exception of barium, which may be of local natural origin, none of the

potential contaminants identified in the SGZ area soil boring samples were detected in the

groundwater samples.  The site’s topography and the quarterly groundwater monitoring suggest

that the groundwater gradient is toward the northwest, therefore wells RU-01 and RU-02 are

hydrologically downgradient from the R-EX mudpits.  This suggests that contaminants have not

migrated from the R-EX mud pits into the groundwater.  Since there was no evidence of

migration of hydrocarbon constituents from the SGZ area, groundwater sampling of RU-01 and

RU-02 was not included in the two-year, quarterly sampling program.  
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3.2.2 Quarterly Groundwater Monitoring
The agreement between DOE and CDPHE to increase the TPH cleanup criterion from 250 mg/kg

to 1,000 mg/kg was stipulated on the requirement that the groundwater around the dr illing

effluent pond be monitored on a quarterly basis to demonstrate that contamination was not

migrating from the pond.  Groundwater from wells RU-03, RU-05, RU-06A, RU-07, and RU-08

was sampled quarterly, providing there was a sufficient volume of water, to monitor for potential

contaminant migration from the pond.  The sample results were reported after each sampling

event in a report.  Seven reports titled Rulison Site Groundwater Monitoring Report, First and

Second Quarters, 1996 (DOE/NV, 1996f) through the Rulison Site Groundwater Monitoring

Report, Fourth Quarter, 1997 (DOE/NV, 1997a-e; DOE/NV, 1998) were completed.  The

analytical results of the eight quarterly sampling events are summarized in this report and

groundwater elevation and concentration trends are discussed.

3.2.2.1 Groundwater Flow Direction and Elevation
Groundwater elevations were measured during each quarterly sampling event and are summarized

on Table 3-1.  Groundwater flow direction was consistent with topography, and generally flowed

in a northwesterly direction.  Figure 3-2 compares the groundwater elevations in the wells during

each quarterly sampling event.  Highest groundwater elevations were in the spring, while lowest

groundwater elevations were in the autumn.  The greatest groundwater elevation fluctuation was

9.12 m (29.92 ft) and was observed in RU-3.  Well RU-07 was dry through all eight quarterly

sampling events and no samples were collected. 

3.2.2.2 Analytical Results
Analytical results for the eight quarterly monitoring events are summarized in the following

paragraphs and presented on Table 3-2.  Figures 3-3 to 3-6 graphically compare the constituents

detected in wells RU-03, RU-05, RU-06A, and RU-08, along with the groundwater elevation for

each quarter.  No trends or correlations between groundwater elevation and concentrations of

chemical constituents could be determined.  There are no figures for Well RU-07, since this well

was dry.  Figures 3-7 to 3-10 graphically compare the levels of barium, chromium, lead, and

selenium detected in each well over the monitoring period.  Table 1.6-1 of the Risk Assessment

(DOE/NV, 1996e) summarized the groundwater risk-based trigger levels for BTEX, barium,

chromium III, chromium VI, lead, and TPH diesel.  These trigger levels will be discussed in

relation to the analytical results obtained during the quarterly sampling in the following section. 

Appendix F includes the laboratory certifications and analytical results for each quarterly sampling

event.  
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Table 3-1
Rulison Site Groundwater Elevations

First Quarter 1996 to Fourth Quarter 1997

Well First Quarter Second Quarter Third Quarter Fourth Quarter First Quarter Second Quarter Third Quarter Fourth Quarter
1996 1996 1996 1996 1997 1997 1997 1997

Depth to Water (from top of casing)

RU-03 10.56 m 6.81 m 12.94 m 12.93 m 10.90 m 3.82 m 8.68 m 10.78 m 
(34.65 ft) (22.33 ft) (42.44 ft) (42.42 ft) (35.75 ft) (12.52 ft) (28.48 ft) (35.36 ft)

RU-05 2.35 m 1.96 m Dry Dry Dry 1.75 m 2.79 m Dry
(7.71 ft) (6.42 ft) (5.75 ft) (9.15 ft)

RU-06A 4.74 m 4.38 m 5.55 m 4.72 m 5.66 m 3.79 m 4.67 m 5.12 m
(15.56 ft) (14.38 ft) (18.20 ft) (15.5 ft) (18.56 ft) (12.45 ft) (15.32 ft) (16.8 ft)

RU-07 Dry Dry Dry Dry Dry Dry Dry Dry
a

RU-08 1.78 m 1.70 m Dry Dry Dry 1.49 m 1.84 m 2.05 m
(5.85 ft) (5.58 ft) (4.9 ft) (6.04 ft) (6.73 ft)

Groundwater Elevation

RU-03 2444.29 m 2448.05 m 2441.92 m 2441.92 m 2443.96 m 2451.04 m 2446.17 m 2444.08 m
(8019.33 ft) (8031.65 ft) (8011.54 ft) (8011.56 ft) (8018.23 ft) (8041.46 ft) (8025.5 ft) (8018.62 ft)

RU-05 2433.95 m 2434.35 m < 2433.39 m < 2433.39 m <2433.39 m 2434.55 m 2433.51 m < 2433.39 m
(7985.41 ft) (7986.70 ft) (< 7983.55 ft) (< 7983.55 ft) (<7983.55 ft) (7987.37 ft) (7983.97 ft) (< 7983.55 ft)

RU-06A 2430.10 m 2430.46 m 2429.30 m 2430.12 m 2429.19 m 2431.05 m 2430.18 m 2429.72 m
(7972.78 ft) (7973.96 ft) (7970.14 ft) (7972.84 ft) (7969.78 ft) (7975.89 ft) (7973.02 ft) (7971.54 ft)

RU-07 <2438.22 m <2438.22 m <2438.22 m <2438.22 m <2438.22 m < 2438.22 m <2438.22 m <2438.22 m
b

(<7999.40 ft) (<7999.40 ft) (<7999.40 ft) (<7999.40 ft) (<7999.40 ft) (< 7999.40 ft) (<7999.40 ft) (<7999.40 ft)

RU-08 2429.05 m 2429.13 < 2429.01 m < 2429.01 m 2428.61 m 2429.34 m 2428.99 m 2428.63 m
(7969.33 ft) (7969.60 ft) (< 7969.18 ft) (< 7969.18 ft) (7967.88 ft) (7970.26 ft) (7969.14 ft) (7967.94 ft)

Well had less than 1 foot of water, so it was considered dry and was not sampled.
a

<2438.22 m indicates that the groundwater was less than the elevation of the bottom of the well.
b
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Table 3-2
Rulison Site Groundwater Analytical Results

First Quarter 1996 to Fourth Quarter 1997
(All results in µg/L)

(Page 1 of 3)

Well First Quarter Second Quarter Third Quarter Fourth Quarter First Quarter Second Quarter Third Quarter Fourth Quarter
1996 1996 1996 1996 1997 1997 1997 1997

TPH - Diesel

RU-03 100U 94U 500U 500U 1000U 1000U 1000U 940U

RU-05 100UJ 94U NS NS NS 1100U 1000U NS

RU-06A 100U 71R 500U 500U 1000U 1000U 1000U 940U

RU-07 NS NS NS NS NS NS NS NS

RU-08 100UJ 94U NS NS NS 1300U 1000U 940U

Benzene

RU-03 0.5U 0.5U 1U 1U 1U 0.50U 2.5 1.0U

RU-05 0.5U 0.5U NS NS NS 0.50U 1.0U NS

RU-06A 0.5U 0.5U 1U 1U 1U 0.50U 1.0U 1.0U

RU-07 NS NS NS NS NS NS NS NS

RU-08 0.5U 0.5U NS NS NS 0.50U 1.0U 1.0U

Toluene

RU-03 0.5U 0.5U 1U 1U 1U 1.0U 3.9 1.0U

RU-05 0.5U 0.5U NS NS NS 1.0U 1.0U NS

RU-06A 0.5U 0.5U 1U 1U 1U 1.0U 1.0U 1.0U

RU-07 NS NS NS NS NS NS NS NS

RU-08 0.5U 0.5U NS NS NS 1.0U 1.0U 1.0U

Ethylbenzene

RU-03 0.5U 0.5U 1U 1U 1U 1.0U 1.0U 1.0U

RU-05 0.5U 0.5U NS NS NS 1.0U 1.0U NS

RU-06A 0.5U 0.5U 1U 1U 1U 1.0U 1.0U 1.0U

RU-07 NS NS NS NS NS NS NS NS

RU-08 0.5U 0.5U NS NS NS 1.0U 1.0U 1.0U
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Rulison Site Groundwater Analytical Results

First Quarter 1996 to Fourth Quarter 1997
(All results in µg/L)
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Well First Quarter Second Quarter Third Quarter Fourth Quarter First Quarter Second Quarter Third Quarter Fourth Quarter
1996 1996 1996 1996 1997 1997 1997 1997
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Xylenes (total)

RU-03 0.5U 0.5U 1U 1U 1U 1.0U 2.0U 2.0U

RU-05 0.5U 0.5U NS NS NS 1.0U 2.0U NS

RU-06A 0.5U 0.5U 1U 1U 1U 1.0U 2.0U 2.0U

RU-07 NS NS NS NS NS NS NS NS

RU-08 0.5U 0.5U NS NS NS 1.0U 2.0U 2.0U

Barium

RU-03 120 110 105 135 86 90.3 148.0 155

RU-05 360 120 NS NS NS 89.8 425.0 NS

RU-06A 120 120 119 116 118 130 114.0 113

RU-07 NS NS NS NS NS NS NS NS

RU-08 350 140 NS NS NS 146 127.0 116

Chromium

RU-03 10U 10U 1.5U 6.7 2.2 5.0 9.8 9.3

RU-05 24 10U NS NS NS 1.8 39.2 NS

RU-06A 10U 10U 1.5U 1.5U 2.5 1.0U 1.0U 4.3

RU-07 NS NS NS NS NS NS NS NS

RU-08 10U 10U NS NS NS 3.1 1.0U 1.3

Lead

RU-03 5.6U 3U 1.5 2.3U 2.0U 2.5 6.4 5.3

RU-05 13U 3U NS NS NS 3.1 18.5 NS

RU-06A 3U 3U 0.8U 0.8U 2.0U 2.0U 2.0U 2.9

RU-07 NS NS NS NS NS NS NS NS

RU-08 12U 3U NS NS NS 3.5 2.5 2.0U
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Well First Quarter Second Quarter Third Quarter Fourth Quarter First Quarter Second Quarter Third Quarter Fourth Quarter
1996 1996 1996 1996 1997 1997 1997 1997
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Selenium

RU-03 16 14 2.8U 2.8U 4.0U 3.0U 3.0U 4.0U

RU-05 7.2 6 NS NS NS 3.0U 3.0U NA

RU-06A 12 20 2.8U 2.8U 4.0U 3.0U 3.0U 4.0U

RU-07 NS NS NS NS NS NS NS NS

RU-08 12 22 NS NS NS 3.0U 3.0U 5.0U

Values in italics are for the dissolved fraction.
Values in bold are the fourth quarter 1997 sampling event results.

NS = Well dry - no sample collected.
U = Analyte not detected above the specified value.
R = Quality control indicates that the data are unusable (compound may or may not be present).

J = Reported value is estimated.
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The first and second quarter 1996 sampling events used an electric submersible pump to purge

and sample the wells.  In order to obtain a more representative sample of the groundwater, plastic

disposable bailers were used starting with the third quarter 1996 sampling event.  This lowered

the rate of inflow and reduced the amount of suspended solids drawn in from the surrounding soil. 

BTEX Compounds

Benzene, toluene, ethylbenzene, and xylene compounds were not detected in any wells with the

exception of a one-time detection of benzene and toluene in up-gradient Well RU-03.  Benzene

and toluene were only detected during the third quarter 1997 samples from Well RU-03 at

concentrations of 2.5 µg/L and 3.9 µg/L, respectively.  The source of the benzene and toluene in

Well RU-03 is unknown.

The following risk-based trigger levels were established and have been converted from milligrams

per liter (mg/L) to Fg/L in order to more easily compare them with the results in this report: 

benzene = 5.2 Fg/L, toluene=11,500 Fg/L, ethylbenzene=5,800 Fg/L, and xylene=116,000 Fg/L

(DOE/NV, 1996e).  No samples exceeded the risk-based trigger levels for BTEX. 

Diesel Range TPH

Diesel range TPH was detected once in Well RU-06A during the second quarter 1996 sampling

event.  However, a Tier II review of the data determined that this detection was most likely the

result of laboratory contamination.  The value of 71 µg/L was qualified with an “R,” which means

that quality control has indicated that this data is unusable; the compound may or may not be

present.  The risk-based trigger level for TPH diesel is 40,300 Fg/L (DOE/NV, 1996e).  The TPH

diesel was not detected in any of the other wells for any of the quarterly sampling events, and

therefore no sample exceeded the risk-based trigger level. 

Inorganics

As specified in the Rulison Drilling Effluent Pond Site Long-Term Groundwater Monitoring Plan

(DOE/NV, 1996b), a discussion of the results including statistical methodology used will be

included.  The upper 95 percent upper confidence limit of the 95  percentile (95 percent of allth

measurements of a population would be below the 95  percentile value) was established as ath

tolerance interval for the concentration of each inorganic constituent of potential concern (COPC)

for the pond cleanup (barium, chromium, and lead) in the upgradient (background) groundwater

(Well RU-03) using procedures for establishing upper confidence limits for quantiles

(Gilbert, 1987).  Based on Figures 3-7 through 3-10, it appears that there are no significant

seasonal variations in the concentrations of these COPCs in the background groundwater, so the
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data from the eight quarterly sampling events were pooled to establish the tolerance intervals. 

The tolerance intervals established for barium, chromium, and lead were 200 Fg/L, 18.1 Fg/L,

and 8 Fg/L, respectively.

Selenium was not included in the statistical evaluation of background groundwater quality. 

Following the change in sampling equipment from submersible pumps to disposable bailers for the

third quarter 1996 and subsequent sampling events, selenium was not detected in any of the

groundwater samples collected from the site.

The quarterly monitoring data from the downgradient wells (RU-05, RU-06A, and RU-08) have

been compared statistically against the tolerance intervals established for barium, chromium, and

lead.  Based on this comparison, the only exceedances of the tolerance intervals were barium and

chromium in the first quarter 1996 sample from Well RU-05; and barium, chromium, and lead in

the third quarter 1997 sample from Well RU-05.  In both cases, the increased concentrations of

the COPCs were likely caused by inadvertent entrainment of sediment from the bottom of the

well.

To determine if the increased inorganics concentrations were related to sediment uptake in the

sample, total (unfiltered) and dissolved (filtered) RCRA metals samples were collected during the

fourth quarter 1997 sampling event.  These results are compared on Table 3-3.  Barium,

chromium, and lead were detected in the total (unfiltered) RCRA metals samples.  Barium was the

only constituent detected in the dissolved (filtered) RCRA metals sample.  This would indicate

that chromium and lead are not dissolved and are associated with the sediment in the bottom of

the wells. 

Table 3-4 compares the TDS, TSS, and lead values and provides more evidence to suggest that

increased inorganics concentrations are related to increased solids in the sample.  Lead was

detected in the RCRA total metals sample from RU-06A, although not in the duplicate sample, for

the fourth quarter 1997 sampling event.  Lead was not detected in either of the RCRA dissolved

metals samples for this sampling event.  The increased amount of solids in sample RUW00122 is

the most probable source for the lead detected in the RCRA total metals sample.  The increase in

TDS and TSS is slight, but this may be enough to get the very low lead detection in sample

RUW00122.
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4.0 Waste Disposition

This section details the waste management and disposal activities for the contaminated pond

sediment.

4.1 Waste Management Activities
Stabilization and removal of the contaminated pond sediment began once the pond was drained. 

Kiln dust was used to stabilize the sediments since tests showed that kiln dust was as effective as

cement in stabilizing the sediments and was considerably less costly.  Since the kiln dust was

effective in absorbing free liquid, the sediment was not dried or dewatered as specified in the

Rulison CAP (DOE/NV, 1996a).  Also described in the Rulison CAP was the use of a pug mill to

mix the stabilizer and the sediment.  A pug mill was not used since it was determined that mixing

the stabilizer with the sediment in the pond was more efficient and cost-effective

(DOE/NV, 1996e).

The kiln dust was thoroughly mixed into the soil at a ratio of approximately 1:9.  After mixing,

the stabilized sediment was left in the pond to set up for one or two days before being transferred

to a stockpile located east of the pond.  Then the stabilized sediment in the stockpile was sampled

and stored pending the return of analytical results.  The samples were analyzed for TPH, TCLP

chromium, and TCLP benzene.  Some initial stabilized sediment samples were also analyzed for

radionuclides.  Results showed that there were no unusual levels of radionuclides detected,

therefore the radionuclide analysis was discontinued.  When the analytical results were received,

the stabilized sediment was loaded into dump trucks then transported to the South Canyon

Landfill in Garfield County, Colorado, for disposal.  A sample of the stabilized sediment was

collected as each dump truck was being loaded.  Each sample was tested for pH and analyzed for

free liquids using the paint filter test.  This ensured that the load met landfill acceptance criteria

before the truck was released from the site.  All TPH, TCLP chromium, TCLP benzene, paint

filter, and pH results met landfill disposal criteria (DOE/NV, 1996e).

4.2 Waste Disposal
A total of 1,923 m  (2,384 yd ) of kiln dust was used to stabilize the sediment, and 18,656 m3 3 3

(24,400 yd ) of stabilized sediment and soil were hauled to the South Canyon Landfill.  This3

volume significantly exceeded the estimated volume in the Rulison VSAP (DOE/NV, 1996d), as

the depth of contamination exceeding cleanup criteria was greater than expected.
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During the quarterly groundwater monitoring sampling events, only sanitary waste was generated. 

The purge water from the first quarter 1996 through the third quarter 1997 was discharged to the

ground under Colorado Wastewater Discharge Permit Number COG-310084 as approved by the

CDPHE Water Quality Control Division.  Though this permit was originally intended for, and

guided, the discharge of water from the Rulison Pond during remediation activities in 1996.  This

permit was canceled verbally on October 28, 1997, as it was not required for these wells since the

volume of purged water was not sufficient to reach a viable water source.  Water purged from the

fourth quarter 1997 sampling event was discharged to the ground, but not under the National

Pollutant Discharge Elimination System (NPDES) permit.  A copy of the discharge permit and

letter terminating the discharge permit are included in Appendix A.
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5.0 Conclusions and Recommendations

Conclusions and recommendations for the closure of the Rulison Site Surface are presented in the

following subsections.

5.1 Conclusions
The closure of the Rulison Drilling Effluent Pond was completed in accordance with the approved

Corrective Action Plan, Rulison Drilling Effluent Pond, July 1996 (DOE/NV, 1996a);

Verification Sampling and Analysis Plan for Sediment and Water Sampling, Rulison Drilling

Effluent Pond, July 1996 (DOE/NV, 1996d); Rulison Site Quality Assurance Project Plan,

Rulison Site, Colorado, July 1996 (DOE/NV, 1996c); and Rulison Drilling Effluent Pond Site

Long-Term Groundwater Monitoring Plan, July 1996 (DOE/NV, 1996b).  The pond was drained

and hydrocarbon-impacted materials exceeding the 1,000 mg/kg TPH limit were stabilized and

removed from the Drilling Effluent Pond.  Approximately 520 m  (620 yd ) of TPH-contaminated3 3

soil between 250 mg/kg and 1,000 mg/kg remain in the soils under the pond.  Following

verification that all soils remaining in the bottom and sides of the pond met the soil quality criteria

specified for the site, the pond was restored in general accordance with Section 3.8 of the Rulison

CAP (DOE/NV, 1996a).  Section 3.3 of the Rulison CAR (DOE/NV, 1996e) contains details of

the pond restoration.  

The landowner was granted temporary use of the spring to refill the pond, and as of

February 1996 the pond was filled.  The pond was scheduled to be restocked with trout in the

summer of 1997.  However, a study conducted in September 1996 to evaluate the quality of the

water in the pond found that the dissolved oxygen levels would not support a trout population. 

With the exception of low dissolved oxygen levels, the water quality is adequate for trout

survival.  Dissolved oxygen levels are likely to increase in two to three years when the sod

covering the clay liner has completed decomposing (IT, 1997). 

Results from the two-year groundwater quality monitoring program show that groundwater flow

is consistently to the northwest and that the migration of contaminants from the drilling effluent

pond sediments is not occurring.  There were no accedences of risk-based trigger levels.  Total

petroleum hydrocarbons was not detected during the two-year groundwater monitoring program

and only anomalous detections of benzene and toluene were detected in upgradient Well RU-03. 

Barium appears to be naturally occurring and is in the groundwater in a dissolved state and as a
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suspended solid.  Chromium, lead, and selenium, when detected, are most likely related to

suspended solids that naturally occur in the soil.

Sampling information was provided in detail in the Rulison Site Corrective Action Report

(DOE/NV, 1996e) to substantiate the petition for closure in-place of the mud pits located at the

R-EX area.  A risk assessment determined that the subsurface contamination found in the R-EX

mud pit subsurface soils does not pose an undue risk to human health.  Sampling information also

indicates that migration through the groundwater is not occurring to the downgradient wells

RU-01 or RU-02, nor is migration to the adjacent unnamed “Hayward” creek occurring

(DOE/NV, 1996e).

5.2 Recommendations
The U.S. Department of Energy, Nevada Operations Office (DOE/NV) recommends that since

the closure activities were completed as proposed, and groundwater monitoring detected no

trends that indicated an increase in levels of the constituents of concern, the CDPHE provide the

DOE/NV a Notice of Completion for the approval of closure of the Rulison Site Surface Area,

and that no further action is required.  The area includes the former Rulison Drilling Effluent

Pond, the SGZ area, the gas flare area, and the mud pits adjacent to Well R-EX.
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